Background: The association of visual neglect with survival after right hemisphere (RH) stroke has received only limited attention. Objective: This study explores the relationship of visual neglect and its spontaneous recovery to survival in a homogenous patient group with first-ever RH stroke. Methods: Fifty-one RH stroke patients who suffered an infarct between 1994 and 1997 were retrospectively followed for survival until August 31, 2009. Acute-phase neurological, neuropsychological and neuroradiological data were studied to identify predictors of survival. Results: Twenty-eight patients died during the follow-up. Age, education, and poor recovery of visual neglect emerged as significant single predictors of death. The best set of predictors for poor survival in the multivariate model was poor recovery of visual neglect and low education. Conclusions: Poor recovery of visual neglect is associated with long-term mortality in RH infarct patients. The follow-up of RH patients' neuropsychological performance gives additional information about the prognosis.
Introduction
Neglect refers to a difficulty in detecting, acting on or even imagining information from a contralateral space of lesion that cannot be fully accounted for by basic sensory or motor loss.
1,2 Neglect may recover spontaneously, its recovery may be partial, or it may show brief remission periods. [3] [4] [5] [6] [7] [8] Some studies suggest that visual neglect resolves within 2 months after onset 5, 9 or between 3 to 6 months after onset, 6, [10] [11] [12] but others report that it may persist from 1 year up to several years. [13] [14] [15] In our previous 12-month follow-up study of right hemisphere (RH) infarct patients, 8 we identified 3 visual neglect recovery groups: continuous (CR), fluctuating (FR) and poor recovery (PR). In the CR group recovery was steady and continuous, in the FR group recovery was non-continuous and interspersed with periods of remission, and patients in the PR group had persistent visual neglect. 8 There is only scarce evidence concerning the association of visual neglect with survival after stroke. In a community-based study of mortality in the very acute phase, Pedersen and others 16 found that patients with neglect had a worse prognosis than patients without neglect, but in multivariate analysis neglect had no independent influence on mortality. In the study by Appelros et al, 17 cognitive variables (neglect, anosognosia, cognitive impairment as measured by the Mini Mental State Examination) did not predict survival in a 12-month follow-up. In both these studies the patient groups included both RH and left hemisphere patients. The patient group studied by Pedersen et al 16 included both infarct and haemorrhage patients, their mean age was 73.7 years, and one-fifth (21%) of the patients had had previous strokes. The mean age of the patients in the study by Appelros et al 17 was 77 years, but only 74% of them had a high enough state of consciousness to be tested; the mean age of the patients tested was 75 years. These studies were only focused on assessing short-term survival after stroke and did not evaluate recovery of neglect. This means they were unable to answer the question as to whether neglect is associated with long-term survival, particularly in view of the different recovery profiles of neglect. The association of left visual neglect with survival after stroke has so far received scant attention in the literature. In this study we aim to investigate the role of recovery of visual neglect, age, education, stroke severity, size of infarct, and hemiparesis as potential predictors of survival after RH stroke.
patients and Methods
The study group consisted of a consecutive series of first-ever RH brain infarct patients admitted to a university hospital as emergency cases between February 1994 and March 1997. Exclusion criteria were previous neurological disorder, severe primary visual impairment, left-handedness and age over 75 years. The series comprised 57 patients, 5 of whom were excluded because of infarction in the pons and 1 because of developmental dyslexia, which would have adversely affected performance in the neuropsychological examination. The final group thus consisted of 51 patients who were examined with a neurological and neuropsychological test battery in the acute phase (on average 6 days after onset; range = 3-10 days) and at 3, 6 and 12 months after stroke. Data on survival status and primary cause of death were collected from onset of stroke until August 31, 2009. In other words, all patients were retrospectively followed for survival for at least 12 years. Survival information was drawn from the official population register and the hospital's patient registry. Causes of death were classified by ICD-9 and ICD-10 codes. The study was approved by the Ethical Committee of the Hospital District.
At the acute phase 21 of the 51 patients had visual neglect (N+). The recovery of visual neglect was determined on the basis of sum scores in the Behavioural Inattention Test (BITC; range: 0-146, cut-off for neglect #129) 18, 19 at each examination. Four visual neglect groups were identified: a) non-neglect group (N−; n = 30), b) continuous recovery group (CR; n = 12), c) fluctuating recovery group (FR; n = 4), and d) poor recovery group (PR; n = 5). Patients in the CR group exceeded the BITC cut-off score (.129) at a certain time-point and subsequently remained above it, indicating steady recovery. Patients in the FR group exceeded the BITC cut-off score at some time-points and at others fell short, indicating unstable neglect recovery. Patients in the PR group did not reach the cutoff score at any time-point and still showed severe neglect at 12 months. In the PR group 1 patient died and 2 refused to take part after the 3-month follow-up.
Infarct sizes were determined on average 6 days after onset of stroke (range: 0-12) on the basis of T2 weighted magnetic resonance images by manual tracing or, when digital images were not available, on the basis of computed tomography images using a method described by Broderick et al. 20 No infarction was seen in 2 patients. Neurological and neuropsychological assessments were conducted on average 6 days after onset (range: 3-10 days). Degree of stroke severity, hemianopia and motor defect were evaluated using the National Institute of Health Stroke Scale (NIHSS; range: 0-34; 0 = normal; 34 = severe stroke). 21 Hemiparesis was scored using a scale from 0 (= normal) to 4 (= severe hemiparesis) for leg and arm separately, and these scores were summed to give a range from 0 to 8 (0 = normal; 1-8 = motor defect).
Results from the neurological and neuropsychological examinations at the acute phase and at follow-ups are reported elsewhere.
statistical Analyses
Since some of the continuous variables were not normally distributed and the sample sizes were small, we chose to use median and quartiles (Q 1 ,Q 3 ) as descriptive statistics. Number of observations and percentages were used for categorical variables. Comparisons of patient characteristics variables between non-survivors and survivors were done using the Mann-Whitney U-test for continuous variables and χ 2 -test or exact χ 2 -test for categorical variables. Differences in survival times between the three neglect recovery groups (non-neglect group, continuous or fluctuating recovery group and poor recovery group) were evaluated with Kaplan-Meier survival analysis.
Cox regression analyses were carried out to determine which variables were statistically significantly associated with survival. The outcome variable was survival in years after onset of stroke. The predictors were age, education, size of infarct, hemiparesis, stroke severity (NIHSS) and visual neglect. In all Cox regression analyses the CR and FR groups were combined because of the small number of cases in the FR group. Patients without neglect (N−) were used as a reference group for recovery of visual neglect.
Firstly, the predictive significance of each variable was determined separately in univariate analyses with the Cox model. Then, the best combination of predictors was computed using the forward stepwise Cox model (probability of F to enter = 0.05 and probability of F to remove = 0.10).
The predictors for multivariate analysis were selected on the basis of the univariate analyses; variables with a p-value lower than 0.1 in univariate analyses were used. Statistical analyses were performed using SPSS for Windows version 15.0; statistical significance was set at p , 0.05.
Results
Of the 51 patients, 28 died during the follow-up. Time from onset of stroke to death ranged from 0.4 to 14.9 years (median: 7.3 years). The primary causes of death were cerebrovascular disease (9 patients), cardiac disease (8 patients), cancer (2 patients), pulmonary disease (3 patients), and other causes (6 patients). Of the 28 non-survivors 17 patients had no visual neglect, while 11 had visual neglect. Patient characteristics and comparisons between the non-survivor and survivor groups are presented in Table 1 . Statistically significant differences between non-survivors and survivors were found in age (p = 0.025) and education (p , 0.001), and the difference in recovery of visual neglect was almost statistically significant (p = 0.054).
The different patterns of recovery of visual neglect in this study group are analysed in detail in our previous study. 8 The median survival time for the non-neglect group was 12.1 years (95% confidence interval (CI) 8.4-15.9) and for the poor recovery group 1.5 (95% CI (0.5-2.4)). Median survival time cannot be calculated for the continuous or fluctuating recovery group because more than 50% of the patients were alive at the end of the follow-up. The difference in survival times between the recovery groups was statistically significant (p , 0.001). Figure 1 presents the Kaplan-Meier survival curves. Table 2 shows the separate significance of each predictor.
Higher age, lower education, and poor recovery of visual neglect compared to the non-neglect group emerged as statistically significant single predictors which increased the risk of death. Hemiparesis (p = 0.076) was almost statistically significantly associated with survival. The 2 statistically significant predictors remaining in the multivariate model were poor recovery of visual neglect and low education, which indicated a greater risk of death.
Discussion
The purpose of this study was to identify factors associated with survival in a homogenous group of first-ever RH infarct patients. We were particularly interested to find out whether recovery of visual neglect is associated with survival after RH stroke. Our main concern was with the long-term prognosis of RH infarct patients: the follow-up time was approximately 12 years and the median time of death after stroke 7.3 years. Higher age, lower education, and poor recovery of visual neglect emerged as statistically significant single predictors, which all increased the risk of death. The best set of predictors in multivariate analysis was poor recovery of visual neglect and low education.
Our findings regarding the predictive value of higher age 17, [23] [24] [25] [26] [27] and lower education 28, 29 for mortality after stroke are well documented in earlier studies. Our results are also consistent with earlier evidence concerning the significant predictive value of more severe hemiparesis for mortality.
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In our study, poor recovery of visual neglect emerged as a significant predictor of long-term poststroke mortality. No such result has been reported in earlier studies 16, 17 concentrating on predictors of short-term survival after stroke. Comparisons of our results with earlier findings should take account of the homogeneity of the patient groups, the presence of previous strokes, the multifaceted assessment methods of neglect, and the median age of patient groups. The most powerful predictor of poor survival in our study was poor recovery of visual neglect. The presence of visual neglect in the acute phase was not associated with mortality, but poor recovery of visual neglect emerged as a significant predictor of mortality.
Although our sample size was relatively small, the strength of this study lies in its homogenous patient group and in the long-term follow-up for survival. Furthermore, the evaluation of visual neglect was sensitive enough to identify patients with different aspects of neglect, which adds to the reliability of the results. To conclude, there is only scarce evidence concerning the association of recovery of visual neglect with survival after RH stroke. Our study suggests that the presence of neglect and its recovery should be taken into account when evaluating the patient's long-term prognosis. 
